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ANALYSIS OF ECCENTRIC PRESS SHAFT OF 
FATIGUE FRACTURES 
 
 
SUMMARY 
The paper presents selected eccentric press stress analysis aspects. This approach is 
based on the assumption that fractures can be present in the analyzed constructions. 
Calculations define the current state of the component in view of fracture mechanics. 
Calculations were performed using analytical, numerical and experimental methods for 
construction element durability assessment. 
1. INTRODUCTION 
Construction element durability assessment problems are discussed by many scientific 
papers [1, 2, 5, 9]. Although there are many standards [3, 4, 11] simplifying durability 
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assessment of machine components, we often see examples of element damage resulting from 
improper evaluation. According to Łagoda [2], between 80-90% of all component failures 
occur because of fatigue. Of course, discovery of a fracture in a given element, does not 
necessarily mean it is not fit for use. What’s most important is to determine the cause of this 
fracture and how it will propagate [6,7]. This requires reliable and definite methods for 
assessment of durability of construction elements. 
The paper presents methodology for evaluation of fatigue life and element tolerance to 
existing fractures resulting from exploitation.  The analysis uses analytical and numerical 
computation methods as well as modern structural analysis. 
 
2. RESEARCH PROBLEM 
The test object consists of a 2500 metric ton eccentric press main shaft as shown by Fig. 
1  and Fig. 2.  
  
Fig. 1. The 2500 metric ton  
eccentric press main shaft 
Fig. 2. Picture of the eccentric press cam shaft 
 
Experience shows that with time, these shafts in eccentric presses develop fatigue cracks 
at the cam mounting point, which forms a notch area. The evaluated shaft had visible fatigue 
damage as shown by Fig. 3 and Fig 4. 
  
Fig. 3. Examples of 
observed cracks 
Fig. 4. Zoom on the observed cracks 
 
25 years of experience in using 1300 MT, 1800 MT and 2500 MT ton has proved that 
the average life of the cam shaft ranges from 5 to 15 years [5,9]. The documented fractures all 
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occur in the same area, which is where the round (bearing surface) passes into the cam shape. 
Such fractures were also found at the notch area during regular periodical control procedures 
of the 2500 MT press shaft evaluated hereof. 
 
3. NONDESTRUCTIVE EXPERIMENTS 
During regular periodical control, the evaluated cam press shaft was found to exhibit 
cracks at the above-mentioned area.  In order to clearly define the fracture shape, we have 
performed nondestructive electrical, magnetic particle (MT) and ultrasonic (UT) inspection of 
the element. 
 
  ELECTRICAL TESTING 
The electrical testing of the 2500MT shaft fracture depth was performed using a Karl 
Deutsch RMG 4011 meter, which has three measurement ranges: 0÷5 mm, 0÷20 mm, 0÷100 
mm, and accuracy of ± 10% of the measured value or at least ± 0,2mm. The test area is 
indicated on Fig. 5. 
 
Fig. 5. Area inspected using electrical testing 
 
Fracture depth measurements were performed at the earlier discovered crack area on the 
side of the cam (Fig. 4). Testing was performed using the 2nd and 3rd measurement range 
settings – using alternating current with an average frequency 1500Hz and 0,3A. The potential 
loss measurements showed that the crack depth reaches around 15mm. 
 
3.2. MAGNETIC PARTICLE 
TESTING 
Before performing the main 
evaluation, a Magnaflux field indicator 
was used to check for any residual 
magnetism on the shaft surface. 
Afterwards, we have performed the wet 
magnetic particle inspection, using both 
the electromagnetic yoke and permanent 
magnet. The magnetic field detection was performed using magnetic ink aerosol, which was 
being applied to the inspected element during magnetization. All inspected areas were 
degreased and coated with developer to increase visibility of the defects (Fig 7.). The 
magnetic particle inspection detected a 206mm long crack of the cam’s side (on the coupling 
side) as shown by Fig. 8. 
Fig. 6. Fracture depth measurements 
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Fig  7. The inspected areas  during magnetic particle testing 
 
 
Fig. 8. Defect as shown through magnetic particle inspection 
 
3.3. FLUID PENETRANT INVESTIGATION 
In this inspection we used a colored dye penetrant to inspect the shaft key groove and 
surrounding surface areas (Fig. 9.).  
 
Fig. 9. The areas inspected during penetrat investigation 
 
  
Fig. 10. Areas surrounding the key groove evaluated using liquid penetrant inspection 
 
The test area was degreased using acetone solvent and then sprayed with the dye 
penetrant aerosol. After waiting for the recommended 20 minutes, the surface was washed 
with water and covered with developer. We then waited around 25 minutes for developing. 
For comparison purposes, we have also prepared a special reference sample BP-1Fe. This 
inspection did not reveal any defects in the inspected areas (Fig. 10.).  
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3.4. ULTRASONIC TESTING 
Ultrasonic testing of the shaft was performed using the single transducer reflective 
method. The perpendicular (2 and 4 MHz) and angular (4 MHz) transducer heads were passed 
over the tested shaft and cam surfaces, using machine oil as the couplant. The test set was 
calibrated using the W-1 reference sample. Inspection was performed on surface areas, which 
allowed for smooth transducer head 
movement, which is required to achieve 
accurate results. We were not able to perform 
this inspection directly on the greatly worn 4-
section part of the hub shaft (Fig. 11). 
Considering this, we decided to turn this part 
on a lathe to remove the imperfections before 
reinspection. This allowed for proper 
assessment of surface discontinuities using 
UT inspection.  
NDT testing revealed a material 
discontinuity with a length of 206 mm and 
depth of around 15 mm. Based on these inspection results along with earlier observations of 
various shaft damages it is assumed that the fracture propagates down into the cam material 
along the axis of the shaft [5, 9]. 
 
4. METALOGRAPHICS TESTING 
According to manufacturer’s data, the press shaft is made of 36CrNiMo steel (as defined 
by PL-EN 10083-1 standard), there is no information about thermal treatment/annealing of the 
material.  Considering this, we have performed additional material analysis, including: 
 macroscopic evaluation of samples taken from the areas of damage; 
 microscopic evaluation (using both optical and SEM imaging) of material 
structure and fracture areas; 
 chemical analysis to determine the actual material composition along with 
hardness measurements. 
Fig. 12. presents a macroscopic 
image of the fracture. Areas marked A 
and B were separated to obtain samples 
of fracture surfaces for microscopic 
evaluation. Additional metalographic 
specimens were also taken from the 
surface areas directly adjoining the 
fracture, to evaluate the material 
structure.  
 
Fig. 11. Damaged keyed shaft surface in 
the hub area. 
Fig. 12. Macroscopic image of the fracture 
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Fig. 13. Macroscopic image of the 
fracture on the A site 
Fig. 14. Macroscopic image of the 
fracture on the A site 
 
Fig. 13. presents a macroscopic image of the fracture on the A site. Fig. 14. presents a 
macroscopic image of the fracture on the B site. 
Macroscopic evaluation didn’t 
allow for identification of the fracture 
type, therefore the samples were also 
checked using a scanning electron 
microscope. This allowed for 
confirmation that this is fatigue damage 
[6]. An image of the fracture surface with 
clearly visible rest lines is shown in Fig. 
15.  
Figure 16 shows a microscopic 
image of the material structure of the 
assessed shaft. This is a structure 
maintaining post-martensitic grain 
orientation with a clear borderline 
austenic. 
Mostly coagulated form of small 
carbide grains surrounded by ferrite 
material indicates a relatively high 
annealing temperature. Certain doubts 
arise because of the low average 
hardness of the material, at 212 HV10. 
 
 
 
Table 1 shows the results of chemical analysis along with comparison to the standards. 
Tab. 1. 
Comparison of the chemical analysis results to the data presented in standards 
 C% Mn% Cr% Si, Ni% Mo, V% P% 
Results of chemical 
analysis 
0.35 0.9 1.45 1.47 0.20 0.017 
PN-72/H-84-030 
standard for 36HNM 
steel 
0.32-0.4 0.5-0.8 0.9-1.2 0.9-1.2 0.15-0.25 0 
Fig. 15. Fatigue fracture with arrows 
indicating rest lines 
Fig. 16. Material structure – arrow „1” indicates 
the post-austenite borderline, whilst arrow „2” 
shows carbide grains surrounded by ferrite 
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The table above shows an increases contents of Cr by 0.25% as well as Si and Ni by 
0.27%. However, this does not have a negative effect onto the steel strength parameters.  
 
5. FE - ANLYSIS 
In order to define the spatial stress distribution in the shaft, we have developed its 3-D 
digital model. This model reflects very accurately the real object and therefore allows for 
accurate calculations. The 3-D model was built using the  I-DEAS package (Fig. 17.). This 3-
D geometrical model was used to generate a finite-element grid, which consists of HEXA8 
and PENTA6 elements [8]. The digital model of the shaft is presented by Fig. 18.  
 
  
Fig. 17. Digital model of the shaft Fig. 18. FE model of the shaft 
 
Computations assumed two simple force types: pure bending and pure torsion [9]. The 
shaft was supported in a way, which reflects most closely the conditions present in the press 
during operation. In order to easily model the shaft’s operation in bearings, we have used a 
thin ‘shell’ type element to model the bushing surface. This surface was modeled so that the 
nodes of the bushing match the nodes of the shaft in the radial direction. These nodes of the 
bushing and shaft are then connected with flex elements.  The degrees of radial freedom of the 
bushing nodes were adjusted in iterations, as the results of analysis indicated flexing of the 
element. This approach allowed for omission of the contact problem, whilst allowing for 
execution of calculations with different directions of the incidental transversal forces. 
Based on the FEM analysis calculations we have defined the stress distribution in the 
element, which is presented by Fig. 19 and 20 for fitting forces (pure bending) or pure torsion. 
 
 
Fig. 19. Stress contour lines in MPa acc. to 
Huber-Mises theory for pure bending at the 
notch area 
Fig. 20. Stress contour lines in MPa acc. to 
Huber-Mises theory for pure torsion at the 
notch area 
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6. FRACTURE CALCULATION  
In order to assess the shaft’s durability, we have used an analytical approach to 
determine the fracture mechanics. The results of calculations were presented on the Failure 
Assessment Diagram (FAD) [3]. 
The fracture mechanics calculations were based on selected data, which pertain to the 
object’s material, defect and stress loads [11]. Calculations assume that stress loads resulting 
from pure torsion greatly increase the fracture.  
Based on current NDT data and historical data about shaft fractures, we have assumed 
an elliptical shape of the fracture, and fracture plane protruding towards the axis of the shaft at 
an angle of about 60 degrees. The calculations were performed for a semi-elliptical model of 
the fracture in a round shaft [10], as presented by Fig. 21. This is a mathematical model of the 
defect [3, 7, 10, 11, 12]. The fracture model is described using the superposition method, 
which defines the following fracture parameters: 1) Mode type (I, II or III) 2) fracture 
location; 3) fracture shape (line, elliptical, semi-elliptical etc.). 
B
A
c
r
Φmax
θ
Φ sb C
a
 
Fig. 21. Semi-elliptical model of the fracture in a round beam cross-section [14] 
 
The structural model includes also mathematical modeling of the material, which was 
determined based on fracture mechanics material data [3, 13]. The stress intensity was 
determined for model III based on the function below [3, 10, 11, 12]: 
  sTs
a
b
r
bFK IIIIII π⎟⎠
⎞⎜⎝
⎛ φ⇒ ,, .   
Where:  a, b, r, s, φ  are geometrical parameters of the fracture, as shown by Fig. 21, sT - 
value of the torque moment. The calculations were performed for fracture propagation along 
directions „a” and „c”, as shown by Fig.21.  
The results were then plotted on the Failure Assessment Diagram (FAD). This diagram 
is a graphical representation of the current object state as compared to the ideal state.  
The fracture curve ( )rr LfK =  was defined based on the standards for flexible/ductile 
materials [3]. 
  1<rL ( ) ⎥⎦
⎤⎢⎣
⎡ ⎟⎠
⎞⎜⎝
⎛−+⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛ +=
−
r
LLLf rr
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2
1
2
1
2
μ ,  (1) 
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where:  
⎥⎥⎦
⎤
⎢⎢⎣
⎡
⎟⎟⎠
⎞
⎜⎜⎝
⎛= 6.0;001.0min
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max1 rr LL ≤<  ( ) ( ) NNrr LfLf 2 11 −= ,   (2) 
where:  ⎟⎟⎠
⎞
⎜⎜⎝
⎛ +=
2.0
2.0max
2
1
p
mp
r R
RR
L  i ⎟⎟⎠
⎞
⎜⎜⎝
⎛ −=
m
p
R
R
N 2.013.0 . 
The rK  parameter is a quotient of the stress intensity parameter for matK  (borderline 
stress resistance) [3]. 
  
mat
r K
KK = .  (3) 
Calculation results are presented on the diagram in Fig. 15. The assessment points 
aK and cK  are located in the lower part of the FAD, thus indicating significant reserve before 
complete failure occurs. The above assessment was performed assuming static loads. 
Repetitive stress experienced by the shaft along 
with excessive loads will result in successive 
upward movement of these assessment points, 
towards the fracture curve. 
 
7. CONCLUSIONS 
The object fatigue and fracture strength 
assessment used stress load data obtained 
through numerical analysis. It should be 
mentioned that the assumed shaft stress load 
conditions were in general static. However, 
during actual press usage, the shaft can 
experience overload conditions, if one does not 
comply with the allowable geometrical or 
temperature parameters of the pressed elements. 
These conditions can greatly affect the durability of the assessed object. The presented 
approach shows a new view onto strength analysis problems. This analysis can find practical 
applications in engineering works in object failure tolerance assessment.  
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ПРОГРАММНЫЙ ДРАЙВЕР СВЯЗИ 3D СКЕНИРУЮЩЕГО  
УСТРОЙСТВА С СИСТЕМАМИ КОМПЬЮТЕРНОГО 
ПРОЕКТИРОВАНИЯ CAD 
 
1. ВВЕДЕНИЕ 
Проектирование в современном машиностроении осуществляется системами CAD 
(Computer Aided Design). Они включают не только программное обеспечение и 
вычислительную аппаратуру, но и средства ввода и вывода 2D- и 3D- графической 
информации. При этом часто возникает необходимость ввода реальных тримерных 
объектов с целью создания моделей, измерения параметров или инспектирования. 
3D скенирование это процесс анализа изображений трехмерных объектов и их 
дискретизации с целью обработки данных на вычислительной системе. Традиционное 
скенирование копирует цветовую информацию изображения. Трехмерное, в его 
отличии, осуществляет снятие рельефа исследуемого объекта. Оно состоит в 
обхождении поверхности тела с помощю сензора, генерирующего последовательность 
представляющих ее точек, размещенных в узлах виртуальной 3D растерной решетки. 
Пространственные координаты точек получаются путем объединения относительного 
положения сензора и его показаний по трем взаимно-перпендикулярным осям. 
Трехмерное скенирование делает возможным точное сопоставление реальных объектов 
любой формы с их CAD моделями [1]. 
Каждое трехмерное скенирующее устройство генерирует информацию о данном 
объекте как множество 3D точек. Построение 3D объекта и его предствление в системе 
CAD является важным следующим шагом. 
